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13. ABSTRACT (Max~mum 200 words) 

The work d e s c r i b e d  i n  t h i s  r e p o r t  c h a r a c t e r i z e s  t h e  s h o a l i n g  a.nd b reak ing  
p roces se s  of wave-energy s p e c t r a  by d e s c r i b i n g  t h e i r  l i m i t i n g  form i n  t h e  s u r f  
zone,  The F i e l d  Research FaciS.ity s p e c t r a l  d e s c r i p t i o n  was f i t  t o  l a b o r a t o r y  
s p e c t r a ,  and l i n e a r  r e g r e s s i o n s  were performed t o  de t e rmine  f u n c t i o n a l  r e l a t i o n -  
s h i p s  between t h e  s p e c t r a l  parameters  and environment  v a r i a b l e s  such  a s  peak 
s p e c t r a l  p e r i o d  (wavelength) ,  t o t a l  s p e c t r a l  ene rgy ,  and w a t e r  clepth. The s p e c t r a l  
r e p r e s e n t a t i o n  f o r  s h o a l i n g  and b reak ing  s p e c t r a  was coded i n  a  numer ica l  s p e c t r a l  
wave model t h a t  was used  t o  s i m u l a t e  t h e  l a b o r a t o r y  d a t a ,  The model and l a b o r a t o r y  
r e s u l t s  were conipasecl. While t h e  s i m u l a t i o n  d i d  n o t  v e r i f y  the s p e c t r a l  r e p r e -  
s e n t a t i o n ,  i.t d i d  indi.ca.ire t h e  f e a s i b i l i t y  of  t h e  approach ,  
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PARAMETRIC DESCRIPTION FOR A WAVE ENERGY SPECTRUM 

IN THE SURF ZONE 

PART I: BACKGROUND 

1. Coastal processes, such as currents, water setup, sediment trans- 

port, and forces on structures, depend strongly on the nature of breaking 

waves nearshore. Though the theory for modeling breaking waves is incomplete, 

a few practical procedures have been advanced that provide estimates of wave 

heights in the nearshore for engineering purposes. A large body of literature 

exists on the breaking characteristics of regular waves (Shore Protection 

Manual (SPM) 1984). Substantial progress has been made in recent years toward 

representing irregular wave breaking by modifying the probability distribution 

of wave heights within the surf zone to account for broken waves (e.g. Battjes 

1972). Progress has also been made toward representing the irregular waves by 

a wave-energy spectrum derived from a Fourier transform of the sea surface. 

In spectral descriptions for waves, breaking has often been represented by 

limiting the spectrum to a deterministic shape or to given equilibrium range 

power laws (e.g., Kitaigorodskii 1983 and Bouws et al. 1985). 

2. The work described herein is an attempt to characterize the shoaling 

and breaking processes of a wave-energy spectrum by describing its limiting 

form in the surf zone. Observations of laboratory data suggested that energy 

spectra converged to a consistent shape for given peak periods regardless of 

the total deepwater energy. More rigorous study of the laboratory data was 

intended to determine whether a wave-energy spectrum would therefore attain a 

characteristic shape in the region of breaking which may be described by an 

analytical function, and whether the parameters of that spectral function cor- 

related with relevant physical parameters of the waves (or spectrum) and 

bathymetry . 

3. A one-dimensional flume designed to investigate wave shoaling with- 

out refraction was used to study the propagation characteristics of a variety 

of wave spectra. The spectra would represent wind-sea or energetic swell, if 

scaled to prototype dimensions. During the investigation, two significant 

features of the propagating spectra were noted. First, the generation of a 

high-frequency peak at a harmonic of the main peak of the spectrum was 



evident, indicating the presence of nonlinear interactions between frequencies 

as the spectra shoaled. Such nonlinear interactions occurring during shoaling 

were neglected during this investigation since they could not be represented 

by the linear spectral theory. Figure 1 shows examples of defined high- 

frequency harmonic peaks developed as the spectra shoaled. Each spectrum 

shown in Figure 1 had the same initial peak period (T, = 2.0 sec), though dif- 

ferent initial total speceral energies. 

T,= 2.0 

Depth = 0,240 
U7 .r-r--- 1 

Figure 1. Example of clearly defined 
high-frequency harmonics 

4. The second feature noted in the laboratory data was the tendency of 

the spectra to conform after breaking to a constant spectral shape and size 

for a given peak spectral period irrespective of the level of energy in the 

initial spectrum. Figure 2 shows an example of three spectra that had the 

same peak spectral period, but different initial energies, both before and 

after breaking. The spectra clearly conform to a similar shape and size once 
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they have entered the surf zone. The recognition of the phenomenon that 

breaking spectra conform to a constant shape and size supported the expecta- 

tion that the surf-zone spectra could be described mathematical1.y. It was 

anticipated that the parameter values in existing spectral descriptions, such 

as the TMA spectrum (Bouws et al. 1 9 8 5 ) ,  named after the experiments Trexel, 

Marsten, and Arsloe used to describe the spectrum, or the FRF spectrum (Miller 

and Vincent l990), named after the location at which spectral data were 

collected, might be constants or related directly to the wave characteristics 

or water depths. 

5. The approach taken in this study is described briefly below: 

a. The laboratory spectra were evaluated to determine which 
spectra clearly broke during propagation. 

b. TMA and FRF spectral descriptions were fit to each of the mea- 
sured spectra by iterating on the values of the respective 
spectral parameters until a best fit was achieved. (During 
this process of fitting computed spectra to measured spectra, 
it was noted that the TMA spectrum did not fie the measured 
spectra well near the surf zone, even though the Laboratory 
spectra were generated with a TMA spectral shape. Therefore, 
analysis of the TMA spectral parameters was omitted,) 

c, The values of the FRF spectral parameters, found for each of 
the measured spectra, were linearly regressed against non- 
dimensional formulations of the local and deepwater spectral 
wave characteristics in order to determine functional descrip- 
tions for the parameters. 

d. The accuracy of the FRF spectral parameter formulation for 
describing the laboratory spectra was checked by implementing 
the formulation in the time-independent spectral wave model, 
STWAVE. The model was used to simulate the laboratory spec- 
tra. Then the simulated and measured spectra were compared. 

6. The following sections describe the analysis of the laboratory 

spectra, including a description of the laboratory setup and experiments, the 

spectral fitting and regression procedures, and the final implementation of 

the regression results in STWAVE. 



PART 11: LABORATORY STUDY 

Physical Facility 

7. The laboratory wave spectra were generated by a piston-type paddle 

in a 0.46-m-wide, 45.7-m-long, and 0.9-m-deep wave flume (Figure 3). The 

depth in the flume was constant (0.61 m) from the wave paddle to the middle 

of the flume, from which point the bottom rose on a constant slope of 0.0333. 

The flume had a smooth concrete bottom and clear Plexiglas walls. Eight elec- 

trical resistance gages were used to measure the variation of the water sur- 

face. One of these gages marked the toe of the slope where the water depth 

was 0.61 m. The other gages were placed in the sloping section at depths of 

0.46, 0.30, 0.24, 0.18, 0.12, 0.09, and 0.06 m. 

WAVE GAGES 
1 1 1  1 I I  I  

o$$' 

I 

~ m * m  + 
SLOPE = 1:s WAVE GENOiATO 

I_ 45.7 rn - rn 
m 
-l 

DISTORTED SCALE, 1H = 5V 

TANK WlDTH = 0.46 rn 

Figure 3. Schematic of the laboratory flume 

Laboratory Spectra 

8. Thirty different wave-energy spectra were generated in the flume 

combining six different peak spectral periods (1.25, 1.5, 1.75, 2.0, 2.25 and 

2.5 sec) with five different energy-based wave heights (0.03, 0.06, 0.09, 

0.12, and 0.15 m). Each spectrum was generated with the TMA (Bouws et al. 

1985) spectral shape given by: 

where 

ETMA = spectral energy for the frequency, f 



f  = spectral frequency 

a = Phillips' equilibrium constant 

fm = frequency containing the peak spectral energy 

y = spectral peakedness factor 

a, = spectral width factor below the peak spectral frequency 

a, = spectral width factor above the peak spectral frequency 

h = water depth 

The factors E, , q5, , q5j , and 4 are given by: 

4 ( 2 x f , h )  = [ R ( o h ) 1 - = 1 +  ! ~ w ~ R ( o ~ )  

sinh [ 2  oil? ( o *) 1 

where 

g = gravitational acceleration 

a, for f  < f,, 
a = 

ab for f  2 f m  

and 

R(w,) was found by approximating the solution to R(%)tanh[~,~ R(%)] = 1 . 
The spectral parameter values used to generate the laboratory spectra were 

y = 3.3 , a, = 0.07 , and a, = 0.09 . The values of f, corresponded with 



the inverse of the peak spectra l  periods l i s t e d ,  while the values of a were 

adjusted such tha t  the t o ra l  energies within the spectra were re la ted  to  the 

desired wave heights l i s t e d .  



PART 111: ANALYSIS 

Preparat ion of Data 

9 .  The s p e c t r a  derived from the time s e r i e s  of the  water su r face  using 

Fourier  t ransformations contained 150 t o  350 frequency bands per  spectrum. To 

t i g h t e n  the  confidence bands on the  s p e c t r a ,  the  number of frequency bands per  

spectrum was reduced t o  50 i n  a l l  cases by averaging over the  appropr ia te  

number of frequency bands. A p l o t  of one of the  spec t ra  i s  presented i n  Fig-  

ure  4 with the  o r i g i n a l  and averaged spec t ra  superimposed. The p l o t  ind ica tes  

t h a t  the  averaged spectrum re ta ined  the  o v e r a l l  s t r u c t u r e  of the  o r i g i n a l  

spectrum i n  the  primary frequency range. Wave he igh t s  computed a t  each gage 

f o r  the  o r i g i n a l  and averaged spec t ra  a r e  p l o t t e d  i n  Figures 5 and 6 showing 

t h a t  the  t o t a l  energy within each spectrum was neg l ig ib ly  a f fec ted  by the  

averaging. 

10.  Since the  primary goal of t h i s  research was t o  determine descr ip-  

t ions  f o r  spec t ra  wi th in  the  surf  zone, a  determination was made a s  t o  which 

spec t ra  broke during the  labora tory  t e s t s .  Only s p e c t r a  associa ted  with wave 

heights  g rea te r  than 0.09 m broke during these  t e s t s ,  reducing the  number of 

t e s t s  from 30 t o  18 .  Therefore, a  t o t a l  of 144 (18 t e s t s  x 8 gages) measured 

spec t ra  were used i n  the  i n i t i a l  ana lys i s .  

F i t t i n p  CalcuPated t o  Measured Spectra 

11. The measured spec t ra  were "fit" by the  FRF s p e c t r a l  desc r ip t ion  

(Mil ler  and Vincent 1990). In  the  present  context ,  the  word " f i t "  implies 

t h a t  the  FRF s p e c t r a l  parameters were adjus ted  u n t i l  the  ca lcu la ted  spectrum 

c lose ly  approximated the  measured spectrum. The closeness of f i t  was d e t e r -  

mined by v i s u a l  inspec t ion .  The form of the  FRF spectrum used was expressed 

as  

where S is  



Figure 4. Original and averaged spectrum* 

and 

w = angular frequency (= 27rf) 

/3 = wind speed at the 10-m elevation 

a, = equilibrium range constant (= 0.0029) 

12. In Equation 7, the value of /3 controls the energy level within 

the high-frequency portion of the spectrum; y is the peakedness parameter; 

controls the width of the spectral peak to the low-frequency side, and a, 

controls the width of the spectral peak to the high-frequency side. In appli- 

cation of the FRF spectrum to prototype conditions, the dimensional parameter 

/3 (length/time) is equivalent to the 10-m elevation wind speed and is 

" To convert square feet into square meters, multiply by 0.09290304 

11 
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FRF Spectral Parameter Analysis 
Surf -Zone Breaking 

distance 

F t g u r e  5. Energy-based wave lleigbt computed from the original 
laboratory (each l i n e  r e p r e s e n t s  a different test) 



FRF Spectral Parameter Analysis 
Surf-Zone Breaking 

0.0 10.0 20.0 36.0 40.0 50.0 60.0 
distance 

Figure 6. Energy-based wave height computed from the ave 
spectra (each line represents a different test) 

raged 



obtained from local  meteorological da ta .  In  the  labora tory  experiments, how- 

eve r ,  the  wave specrra  were generated by a wave paddle and not  the  wind. 

Under such condi t ions ,  a c t s  l i k e  a s p e c t r a l  parameter,  reminiscent of a 

i h  Equation 1, more than it represents  a  wind speed. Fur ther ,  when one con- 

s i d e r s  the  surf  zone i n  e i t h e r  prototype or  labora tory  se tups ,  @ i s  inde- 

pendent of the wind speed, a s  w i l l  be shown. (Note t h a t  Mil ler  and Vincent 

(1990), who s tudied  prototype wave energy spec t ra  outs ide  the  su r f  zone, 

replaced @ with U,, t o  c l e a r l y  i d e n t i f y  it a s  r e l a t e d  t o  wind speed. )  

13.  Values of the parameters @ , y , cr, , and q, found t o  be the  b e s t  

f i t  t o  the measured spec t ra  a r e  provided i n  Table A l  (Appendix A). In  

Table A l ,  lengths a r e  i n  meters,  h i s  the  water depth a t  the  p a r t i c u l a r  

gage, and T, and II;, a r e  the nominal periods and wave heights  from which the  

labora tory  spec t ra  were generated,  although the  ac tua l  spec t ra  generated 

usua l ly  had periods and wave heights  d i f f e r e n t  from IT, and Ii, . The value 

of Hmo i s  the  l o c a l  energy-based wave height  given by: 

The value of L i s  the  l o c a l  wavelength approximated by: 

where the  deepwater wavelength Lo i s  given by: 

and 

T,, = peak s p e c t r a l  period (= l / f m ) .  

The value of Ho was equal t o  hl, a t  the deepest gage (Gage 8 ) .  

14.  During the  preliminary regress ion  a n a l y s i s ,  it was noted t h a t  the  

da ta  a t  Gage l ( t h e  shallowest gage) may have been measured improperly. The 

water surface  e l eva t ion  measurements may have been adversely a f fec ted  by the  

shallow water ,  wave runup, su r f  b e a t ,  e t c .  The wave heights  (Figures 5 and 6 )  

d id  not  approach zero as  the  waves moved toward the  beach; ins t ead ,  the  slope 

of the  wave heights  between Gages I and 2 decreased, Due t o  t h i s  unexpected 

behavior ,  the  f i n a l  regress ion  anal.ysFs excluded the  da ta  (18 spec t ra )  from 



Gage 1. Also, during the preliminary regression analysis, it was noted that 

the TMA spectral shape generated at the wave paddle maintained its shape 

through Gages 7 and 8. Hence, satisfactory fits between the calculated FRF 

spectra and the measured spectra at these gages were not possible due to the 

difference in the high-frequency energy representation of the TMA and FRF 

spectra, where the former is of an fS and the latter is of an f-4 type 

(Figure 7). Since the measured spectra at Gages 7 and 8 could not be matched 

properly, these data (36 spectra) were also excluded from the final regression 

analysis. The final regression analysis was therefore based on the remaining 

90 measured spectra from Gages 2 to 6. 

Frequency (Hz) 

Figure 7. Example of the difference between the 
equilibrium range slopes for a TMA and an FRF 

spectrum 



Linear Regression for FRF Parameters 

Equation formulation 

15. The parameters y , a, , u,, and a nondimensional form of 0 ( P / C ,  

where C is the wave celerity given by C = L/T,) were linearly regressed 

against nondimensional formulations of the local and deepwater wave character- 

istics ( , H,  , L  , and ) . The regressions were based on the linear 

equation: 

log (Y) = b + a,log (x,) + a, log (x,) (12) 

where 

Y = spectral parameter to regress, i.e., y , a, , or a, and P/C 

XI = first regression parameter, i. e. , h / L  or h/L ,  

X2 = second regression parameter, i.e., H/h or H,/h 

b = regression constant 

a, = coefficient for first regression parameter 

a, = coefficient for second regression parameter 

Once the regression constants and coefficients in Equation 12 were determined, 

the inverse logarithms of both sides of Equation 12 were taken to yield: 

Y = log-l (b) ~ ~ ~ ' x ~ ~ ~  (13) 

16. Initially, X, and X2 were equated respectively to h / L  and 

H,/h to determine the relationship of Y ( P  , y , up , or a,) with local 

wave characteristics. XI and X, were then equated respectively to h /L ,  

and H,/h to determine the relationship of Y with the deepwater wave char- 

acteristics. It is worthwhile to note that, for a given regression, the 

regressors mentioned above can be rearranged to form other wave parameter 

ratios. For example, the equation: 

y = log-l (b) (yo")"' - 

can be rearranged to an equivalent expression where the influence of wave 

steepness ( H / L )  can be evaluated, i.e.: 



17. Table 1 provides results of the regression analysis for P / C  and 

y based on the deepwater and local wave characteristics. The table contains 

the regression constant and coefficients (b , a, , and a,) for each 

regression, along with standard errors in those values, the related correla- 

tion coefficient, and the r2 value. 

Renression for D / C  

18. The regression analysis showed a strong correlation between P/C 

and the local wave characteristics as shown in Figure 8. P/C was also 

strongly correlated with the deepwater wave characteristics as shown in 

Figure 9. The regression equations found for P/C are: 

when based on the local wave characteristics and 

when based on the deepwater wave characteristics. Recognizing that the 

influence of h / L ,  in Equation 17 is small due to the small exponent on the 

ratio, a regression was performed based solely on H,/h . While the regres- 

sion constant b and the coefficient a, were modified when h/L, was 

removed from the regression, the correlation coefficient remained unchanged 

(Table 1). The results of the regression are plotted in Figure 10. The 

resulting regression equation is: 

19. Equation 18 suggests that energy in the equilibrium range of a 

given spectrum is directly proportional to the deepwater wave height. Hence, 

spectra with the same values for T, but different values for H, will have 

different amounts of energy in the equilibrium range of the spectrum when in 

the surf zone. This suggestion is contrary to the general observations of the 

spectra which indicated that the spectral energy within the surf zone was 



Table  1 

Recression Results 

r = 0 . 9 5  rZ = 0 . 9 1  
b  = 1 . 4 0  a, = 0 . 4 8  a, = 1 . 9 3  

Std. Err.* in: b  = 0 .06  a, = 0 . 0 7  a, = 0 .08  

r = 0 . 9 2  r2 = 0 . 8 5  
b  = 0 .65  a, = 0 . 0 8  a, = 1 . 9 9  

Std. Err. in: b  = 0 . 0 8  a, = 0 .04  a, = 0 .06  

r = 0 . 9 2  rZ = 0 . 8 5  
b = 0 . 5 1  a, = 0 .00  a, = 0 .92  

Std. Err. in: b  = 0 .09  a, = 0 . 0  4  

r = 0 .95  r2 = 0 . 9 1  
b = 3 .00  a, = 1 . 8 2  a, = 0 . 3 4  

Std. Err. in: b = 0 . 0 8  a, = 0 . 0 9  a, = 0 .10  

r = 0 . 9 5  rZ = 0 . 9 1  
b  = 2.24 a, = 0.92 a, = 0 .17  

Std. Err. in: b = 0 . 0 8  a, = 0 . 0 4  a, = 0 .05  

r = 0 .95  r2 = 0 . 9 1  
b  = 2.10 a, = 0 .84  a, = 0 .00  

Std. Err. in: b  = 0 .08  a, = 0 . 0 3  
- - - 

* Std. Err. = standard error. 



FRF Spectral Parameter Analysis 
Stations 2 to 6 

Figure 8. Regression results for R/C based on the 
local wave characteristics 



FRF Spectral Parameter Analysis 
Stations 2 to 6 

Figure 9. Regression results for B/C based on the 
deepwater wave results 



independent of the spectral energy in deep water (Figure 2). Further inspec- 

tion of the data showed that while Equation 18 was a generally good descriptor 

for the value of /3/C seaward of the surf zone, it failed to adequately 

represent p/C within the surf zone. Figure 10 shows that at Gages 2 and 3 

(well within the surf zone), /3/C becomes independent of H,/h . The arith- 

metic average of /3/C from Gages 2 and 3 is 3.2 with a maximum value of 4.2 

and a minimum value of 2.2. The standard deviation is 0.4, while the variance 

is 0.2. Hence, a value of 3.2 should be used for P/C within the surf zone. 

Regression for y 

20. The regression analysis showed a strong correlation between y and 

the local wave characteristics as shown in Figure 11, as well as with the 

deepwater wave characteristics as shown in Figure 12. The resulting regres- 

sion equations are: 

when based on the local wave characteristics and 

when based on the deepwater wave characteristics. Recognizing that the 

strength of H , / h  in Equation 20 is small, a regression was performed based 

solely on / L o  . The correlation coefficient for the regression remained 

unchanged even though H , / h  was removed (Table 1). The results of the 

regression are shown in Figure 13. The resulting regression equation is 

21. The form of Equation 21 for calculating y is fortuitous, in that 

y depends only on the deepwater wavelength which is readily available given 

the peak period of the spectrum of interest. Equation 21 must be applied with 

caution, though, since the variational characteristics of y were based on 

the propagation of spectra generated with a constant y . Additional analysis 

of spectra with a variety of initial y values is needed to improve confi- 

dence in the expression for y . 



FRF Spectral Parameter Analysis 
Stations 2 to 6 

I I 

Figure 10. Modified regression resul-ts for R/C based 
on the local deepwater wave characteristics 



FRF Spectral Parameter Analysis 
Stations 2 to 6 

Figure 11. Regression results for y based on l o c a l  
wave characteristics 





FRF Spectral Parameter Analysis 
Stations 2 to 6 

Figure 13. Modified regression results for y based 
on the deepwater wave characteristics 



Regression - for a, and a, 

22. The regression analyses for cr, and q, indicated very little 

correlation between these parameters and the wave characteristics. The aver- 

age value of a, in the surf zone was 0.11 with a standard deviation of 

0.024, a variance of 0.001, a maximum value of 0.16, and a minimum value of 

0.06. The average value of a, in the surf zone was 0.11 with a standard 

deviation of 0.031, a variance of 0.001, a maximum value of 0.19, and a 

minimum value of 0.04. As with y , the average values for a, and a, must 

be applied with caution since the spectra generated in all of the laboratory 

tests had the same initial values for these parameters. 



PART IV: APPLICATION IN SPECTRAL MODEL 

2 3 .  The equational representations of the FRF spectral parameters dis- 

cussed previously were implemented in the time-independent spectral model, 

STWAVE, which was then used to simulate the laboratory experiments. The 

results of the simulations show that the equational representations of the FRF 

spectral parameters reasonably approximate the laboratory data. The simula- 

tions do not verify that the equational representations are applicable to any 

other wave conditions or bathyrnetric geometries. Additional data sets must be 

acquired and simulated before such a verification is possible. 

24. Prior to implementing the equational representations of the FRF 

spectral parameters in STWAVE, a criterion for determining when breaking 

occurs was defined. The laboratory data were evaluated to determine a reason- 

able criteria for breaking, at least for the laboratory data. Equation 22 was 

found to describe the data at breaking. 

Equation 22 and the laboratory data are plotted in Figure 14. 

25. Equation 22 was used in STWAVE for determining when the limiting 

form of the FRF spectrum should be applied. The excess energy removed by 

limiting was equated to the energy lost during breaking. 

26. The calculated spectra from STWAVE are compared with the measured 

laboratory spectra in Figures 15 through 23 for peak spectral periods of 1.5, 

2.0, and 2.5 sec, and for wave heights of 0.03, 0.09, and 0.15 m. 



FRF Spectral Parameter Analysis 
Surf-Zone Breaking 

Figure 14.  Breaking c r i t e r i a  
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PART V: SUMMARY AND CONCLUSIONS 

27. During the evaluation of laboratory experiments in which wave- 

energy spectra were propagated over a plane beach in a narrow flume, it was 

noted that the spectra transformed to a uniform spectral shape within the surf 

zone for a given peak spectral period, irrespective of the total spectral 

energy in deep water. Based on this observation, research was undertaken to 

determine means of describing the transformed wave-energy spectra within the 

surf zone. It was found that the FRF spectral description (Miller and Vincent 

1990) could be used to describe the spectral shape with appropriate represen- 

tation of the spectral parameters ( @ / C ,  y ,  a,, a,,) . Such representations 

were found for the given laboratory data by determining the values for the 

spectral parameters, such that the computed FRF spectrum fit the given 

measured spectrum. The values of the spectral parameters found for each of 

the laboratory spectra were then linearly regressed against selected nondimen- 

sional wave parameters. The recommended equational representation for y  is 

given by Equation 21. Average values are recommended for P / C  , a, or a, . 
28. The analytical forms of @ / C  , y , a, , and a, for the surf zone 

were implemented in the time-independent spectral wave model, STWAVE, to simu- 

late the laboratory tests. The comparison is shown in Figure 15. It is con- 

cluded that wave spectra may be described through the surf zone in parametric 

form. 

29. The parameter equations presented herein were based on a limited 

number of spectra, all of which had the same initial y  , a, , and a, 

values. The variability of these parameters for different sea states in a 

prototype environment was not modeled with these laboratory data. The trans- 

formation of true coastal spectra with directional spread over an irregular 

bottom should be simulated in the laboratory at least with similar conditions. 

With equivalent environmental and topographic conditions and careful analysis 

of measurements, it will be possible to better estimate nearshore wave 

climates from offshore measurements. 
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